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VERIFICATION OF POTENTIAL FLAWS IN COMPUTING LIQUEFACTION PO-
TENTIAL INDEX BY 1999 CHI-CHI EARTHQUAKE IN TAIWAN 
 
Chihping Kuo Muhsiung Chang 
National Taiwan University of Science & Technology National Yunlin University of Science & Technology 





A widely used method for evaluating the damage and possibility of soil liquefaction, called Liquefaction Potential Index (PL), was 
proposed by Iwasaki in 1982.  The values of 5 and 15 are the critical boundaries of PL to describe the damage which soil liquefaction 
will occur.  The method is also adopted in the building design codes in Taiwan.  The index is computed in form of integration by mul-
tiplying the danger function (i.e. 1 minus safety factor) and the depth weight function. 
Theoretically, the computation should adequately reflect the liquefaction potential for the depth interval calculated.  If the danger 
function is calculated based on the CPT logs, the integration would be more desirable due to the continuity in the data.  However, the 
SPT logs, not as continuous as CPT logs, are much more common and generally used in the engineering practices today.  The danger 
function calculated by SPT logs would become erroneous (sometimes overestimated) in cases where the integration is performed by 
summing up the discontinuous SPT values with irregularly spaced depth intervals.  If the SPT logs are uniformly spaced by depth, the 
calculation should be correct.  A misjudgment would be made and sometimes lead to an overestimated PL if the SPT log is non-
uniformly distributed. 
Accordingly, the study herein proposes a simple method in order to correct the above-mentioned issue.  After verifying the method by 
the collected data in 1999 Chi-chi Earthquake in Taiwan, the result shows that the correction can reduce the computation error and 
have the calculated PL values fall into the right ranges. 
INTRODUCTION 
The method for liquefaction damage assessment and liquefaction 
potential prediction currently adopted in the Taiwanese Building 
Codes (Chap.10) is based on Iwasaki’s (1982) liquefaction po-
tential index, PL, which was also suggested by ISSMFE TC 
(1993).  This method was first proposed by Iwasaki (1978) and 
used for liquefaction damage assessment during earthquakes.  
The assessment was based on a collected database from several 
post-earthquake liquefaction incidents in Japan, which was con-
stantly augmented and revised (Tatsuoka et al. 1980, Iwasaki et 
al. 1982). 
The Chichi Earthquake of 1999 had caused serious soil liquefac-
tion phenomena in the mid-west plains of Taiwan.  Most of the 
liquefaction locations could be corrected estimated based on 
Iwasaki’s procedure after the earthquake.  However, some lique-
faction sites were inconsistently computed with liquefaction po-
tentials too low.  It appears that the Iwasaki procedure or its da-
tabase would probably need to be slightly adjusted for use in 
Taiwan.  Previous studies (Kuo et al. 2003) had shown the lique-
faction evaluation would be influenced by the amount and com-
pleteness of borehole data. 
Based on Iwasaki (1982), the value of PL is computed through 
the integration of the soil liquefaction danger function (1 minus-
es liquefaction factor of safety) with the depth weight function.  
If the computed soil liquefaction factor of safety is continuous 
with depth, such as for CPT logs, the PL should confirm with its 
definition.   For the SPT logs, however, the integration is ap-
proximated by the summation with respect to several depth in-
tervals.  Since depth intervals may vary in response to the 
change in material strata, the PL computation would therefore be 
misleading, and sometimes overestimating the liquefaction po-
tential index, as originally proposed by Iwasaki (1982).  The 
paper herein will discuss the potential flaws in this regard. 
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COMPUTING PROCEDURE OF PL 
Liquefaction potential index, PL, was developed and defined by 
Iwasaki et al. (1978, 1982) and Tatsuoka et al. (1980). Based on 
liquefaction case histories, distributions of the computed lique-
faction safety factor (FL) were found generally increasing with 
depth.  When the computed liquefaction safety factor FL < 1.0, 
the sites were generally evidenced by liquefaction damages. 
Definition of PL  
PL was adopted for quantifying the soil liquefaction potential for 
a single borehole.  The depth was considered from the ground 
surface to 20m below.  PL was defined with the consideration of 
liquefaction safety factor at given depths as well as the influence 
of the depths.  PL ranges from 0 to 100; in which 0 represents no 
liquefaction damage and 100 means a complete liquefaction 
damage. The weight function, W(z), was used to consider the 
influence of depth where liquefaction factor of safety is com-
puted.  The function was assumed to be a reverse triangle distri-
bution within the 20m below the ground. 
The liquefaction potential index, PL, was defined as follow, with 
reference to Fig.1: 
 ( ) ( )
20
0L
P F z W z dz= ⋅ ⋅∫  (1) 
Where ( ) 1 LF z F= − and FL = factor of safety against liquefac-
tion (considered only ≦  1.0); ( ) ( )0.5 20W z z= ⋅ − and                         
z = depth (m), less than 20. 
For non-liquefaction sites, most of the computed PL’s were less 
than 15; and about 70% of them were less than 5.  For liquefac-
tion sites, only 20% cases were computed with PL less than 5; 
and 50% of them higher than 15. Therefore, the liquefaction 
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Fig.1. Schematic illustration of FL and W(z) distributions (after 
Iwasaki et al. 1982) 
damage thresholds were proposed as: (i) PL = 0 stands for very 
low liquefaction risk; (ii) PL ≤ 5 stands for low liquefaction risk; 
(iii) 5 < PL ≤ 15 stands for high liquefaction risk; (iv) PL > 15 
stands for very high liquefaction risk. 
A comparison of two liquefaction safety factor estimation proce-
dures (Seed & Idriss 1971, Tatsuoka et al. 1080) indicated that 
different PL would be resulted.  The authors suggested that PL 
should be computed using Iwasaki’s procedure for liquefaction 
safety factor. The method seemed to be more reliable due to 
completeness of database. However, the database was estab-
lished by the cases in Japan. 
In computing, the PL’s integration needs to expand due to dis-
continuous distribution of FL with depth.  However, adoption of 
depth range for each FL depends on the distribution of SPTs with 
depth and to some degrees on personal judgment.  The boundary 
between depth interval is generally considered to be the bisector 
of two corresponding locations of FL s.   Accordingly, Eq.(1) can 
be derived and shown in the following, with reference to Fig.2: 
Expansion of PL’s Integration   










Deeper depth to -  
Fig.2  SPT logging and depth intervals for PL computation. (af-
ter Kuo et al. 2004) 
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In general, the PL of the i-th layer is: 
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 (3) 
POSSIBLE FLAWS IN PL COMPUTATION 
Suppose liquefaction safety factors of a site are listed in Table 1.  
The liquefaction danger function, F(z), and the weight function, 
W(z), are shown in Fig.3. 
Illustrative Example 
Table 1.  Computed safety factors at different depths 
Depth, z (m) Safety factor, FL 
Depth, z (m) Safety factor, FL 
0 - -12.0 0.75 
-1.5 1.5 -13.5 - 
-3.0 1.5 -15.0 - 
-4.5 1.5 -16.5 1.5 
-6.0 1.0 -18.0 1.75 
-7.5 0.5 -19.5 2.0 
-9.0 - -20.0  - 
-10.5 0.5 - - 
Note: “-” indicates no SPT data available. 
 
Depth (m) Safety Factor Weight Function


















Fig.3. The FL, F(z), W(z) distributions in the illustrative exam-
ple. 
By following Iwasaki’s procedure (i.e. Fig.1), the liquefaction 
safety factors in various depth intervals are shown below: 
Results Based on Original Integration 





=  (4) 
 ( ) 4.57.5 0.33 3
z
L zF z z
=−
=−
= − ⋅ +  (5) 





=  (6) 
 ( ) 10.519.5 0.167 1.25
z
L zF z z
=−
=−
= ⋅ −  (7) 
The above equations are then converted to the danger functions 
as: 





= ⋅ −  (8) 





=  (9) 





= − ⋅ +  (10) 
Finally, the PL of the borehole was computed as: 




L z zP F z W z dz F z W z dz
=− =−
=− =−
= ⋅ ⋅ + ⋅ ⋅∫ ∫  
 ( ) ( )
10.5 13.5
10.513.5
13.88zzF z W z dz
=−
=−
+ ⋅ ⋅ =∫  (11) 
In order to compute PL by the expanded integration procedure 
(Fig.2), the information in Table 1 needs to be revised.  As 
shown in Table 2 and Fig.4, the computed PL is 15.09. 
Results Based on Expanded Integration 
The PL computed by the expended integration (15.09) is higher 
than the original integration (13.88) by about 8.7%.  Although 
the error appears to be small, the result would bring the liquefac-
tion risk level from “high” to “very high”, as proposed by Iwa-
saki et al. (1982), and would increase extra costs for liquefaction 
mitigation works.  Causes of the discrepancy in the computed PL 
could be explained through Fig.4.  The problem appears to occur 
in the depth range of -12.0m to -16.5m.  Since SPT was missing 
at depths of -13.5m and -15.0m, no liquefaction safety factors 
were computed at these depths; and therefore, discrepancies re-
sulted.  
Remarks on Discrepancy 
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0 - - - - 
-0.75 0 
-1.5 1.5 0 
-2.25 0 
-3.0 1.5 0 
-3.75 0 
-4.5 1.5 0 
-5.25 0 
-6.0 1.0 0 
-6.75 
6.82 -7.5 0.5 0.5 
-8.25 
-9.0 - - 
-9.75 
5.55 -10.5 0.5 0.5 
-11.25 
-12.0 0.75 0.25 
-12.75 
2.72 -13.5 - - 
-14.25 
-15.0 - - 
-15.75 0 
-16.5 1.5 0 
-17.25 0 
-18.0 1.75 0 
-18.75 0 
-19.5 2.0 0 - - 
PL = 15.09  
 
Depth (m) Safety Factor Weight Function


















Fig.4. Comparisons of safety factor distributions used in origi-
nal and expanded integrations.  
SUGGESTED CORRECTION PROCEDURE 
Due to missing data in SPT logs (i.e. uneven depth intervals), 
eight situations in PL computation are likely for a given depth 
with known FL (<1).  As shown in Fig.5, the eight cases are illu-
strated and discussed in the following: 
Possible Circumstances 
Cases j and n describe the safety factors of the adjacent depths 
are all in unsafe side, and miscomputed results will not be in-
duced. 
Cases k and  o describe the safety factors of the adjacent 
depths are equal 1.0, and miscomputed results will not be in-
duced. 
Cases l and p describe the adjacent safety factors are greater 
than 1.0. However the differences in safety factors between the 
layer i and the ones above or below it are equal, i.e., (1-
FL(i))=(FL(i-1)-1) or (1-FL(i))=(FL(i+1)-1), the miscomputed result 
will not be induced. 
Cases m and q describe the safety factors of the adjacent layers 
are greater than 1.0 and the differences in safety factors between 
the layer i and the ones after or below it are not equal, i.e., (1-
FL(i)) ≠ (FL(i-1)-1) or (1-FL(i)) ≠ (FL(i+1)-1), the miscomputed result 
will be induced. 
To conclude the above, while FL(z)=1, but z 
Procedures for Correction 
≠ (zi-1+zi)/2 or (zi 
+zi+1)/2, the miscomputed result will be induced.  Therefore, it is 
necessary to correct the miscomputed depth and Cases m and q 
are the ones that required correction. Assuming Cases m and q 
take place at the same time, as shown in Fig.6, the original depth 
range that would be computed is from (zi-1+zi)/2 to (zi +zi+1)/2.  
However, the corrected calculation range of FL(i) should be set to 
new upper and lower boundaries, i.e., yu and yl, respectively. 
Through the geometrical relations, the correction equation for 
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Likewise, the correction equation for the lower boundary yl is: 
 ( )
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Fig.5. Situations of safety factor distributions at a depth with 
adjacent SPT data missing. 



















Fig.6. Correction of computing boundaries of PL for missing 
data. 
Although the correction procedures above can assign boundaries 
to reasonable values, it does not mean the assigned ranges will 
maintain the same, which can become lager or smaller. Take the 
example as shown in Fig.6, the corrected upper boundary yu is 
above the original one (zi-1+zi)/2; the corrected lower boundary yl 
is also above the original one (zi+1+zi)/2. Even though the cor-
rected range is the same as the original one, i.e. the boundaries 
just shift above or below, the recomputed PL(i) will not be the 
same. That is due to the effect of weight function. So, for a com-
plete computation of an entire site, i.e. the PL of the site is the 
summation of PL (i) of each depth range, it is difficult to make an 
assertion of the variation after applying the correction procedure. 
Possible Influences 
In the original case, the depth range for the safety factor at depth 
-12m is between -11.25m (the upper limit) and -14.25m (the 
lower limit), in which the lower limit was miscomputed.  Ac-
cording to Fig.6 and Eq.(14), the lower limit of the depth inter-
val should be corrected to -13.5m, as shown Fig.7.  By replacing 
the corrected depth interval into Table 2, as the bold and under-
lined numbers in Table 3, the corresponding PL(i) at this depth 
was revised to be 1.5; and the overall PL became 13.87.  Com-
pared with the original result (13.88), the error was significantly 
reduced. 
Correction of Previous Example 













0 - - - - 
-0.75 0 
-1.5 1.5 0 
-2.25 0 
-3.0 1.5 0 
-3.75 0 
-4.5 1.5 0 
-5.25 0 
-6.0 1.0 0 
-6.75 6.82 
-7.5 0.5 0.5 
-8.25 
5.55 
-9.0 - - 
-9.75 
-10.5 0.5 0.5 
-11.25 
-12.0 0.75 0.25 
-12.75 
-13.5 1.5 - - 
-15.0 
-13.5 
- - 0 -15.75 
-16.5 1.5 0 
-17.25 0 
-18.0 1.75 0 
-18.75 0 
-19.5 2.0 0 - - 
PL = 13.87  
Depth (m) Safety Factor Weight Function


















Fig.7. Corrected calculation for the illustrative example. 
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To apply the mathematical procedures into calculation software 
by computer, the general codes can be stated as follows (it 
should be continues but divided into segments for easier reading): 


















VERIFICATION BY 1999 CHI-CHI EARTHQUAKE CASES 
This study collected total 1081 borehole logs at Tsuoswei Al-
luvial Plain, which locates in the mid-west of Taiwan. During 
1999 Chichi Earthquake, 66 liquefaction cases of the collected 
data were observed. The original and modified computing pro-
cedures of PL were performed simultaneously using the data 
herein. The distribution and computed results of analyzed data 
by original (before correction) and modified (after correction) 
procedures were plotted in Fig. 8 and 9, respectively. 
The statistical information for computed results by two proce-
dures is listed in Table 4. It can be found that the original results 
(total amount of boreholes) with the range of PL ≤ 5 decreases  
after correction; while the original results with the ranges of 5 < 
PL ≤ 15 and 15≤ PL increses  after correction. The statistical in-
formation for the change rate in PL computation (ratio between 
the computed results by modified and the original computing 
procedures) is shown in Table 5. The change rate, larger than 1.0, 
indicates original results increased after correction; smaller than 
1.0, indicates original results decreased after correction. Accord-
ing to the average rates of change, it can be found that in the 
range of PL ≤ 5, the results decrease for liquefaction cases and 
increase for non-liquefaction cases; in the range of 5 < PL ≤ 15, 
both liquefaction and non-liquefaction cases decrease; in the 
range of 15≤ PL, the original results decrease for liquefaction 
cases and increase for non-liquefaction cases. 
PL ≤ 5
5 < PL ≤ 15
15 ≤ PL  
Fig.8. Distribution and computed results by original procedure 
(before correction) of analyzed data. 
 
PL ≤ 5
5 < PL ≤ 15
15 ≤ PL  
Fig.9. Distribution and computed results by modified procedure 
(after correction) of analyzed data. 
The amounts of boreholes computed by the modified procedure 
that reduced the PL ranges (i.e., 15≤ PL  → 5 < PL ≤ 15 or 5 < PL ≤ 
15 → PL ≤ 5) or increased ranges (i.e., PL ≤ 5 → 5 < PL ≤ 15 or 5 
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< PL ≤ 15 → 15≤ PL) were analyzed and listed in the table. It can 
be noted that although the change rates seem minor between the 
original and the modified procedures, however, the percentages 
of boreholes with shifted PL ranges after computation cannot be 
ignored. Particularly, most cases indicated that the modified pro-
cedure would reduce the PL ranges. It also indicated that through 
appropriate procedures for computation of PL at a site, a reason-
able estimation of the liquefaction potential can be obtained.  
Table 4.  Comparison of the statistical information for computed 
results by two procedures 
 
Computed results by 
original procedure (be-
fore correction) 
Computed results by 
modified procedure 
(after correction) 
PL ≤ 5 
5 < PL 
≤ 15 15≤ PL  PL ≤ 5 
5 < PL 
≤ 15 15≤ PL 
The amounts of 
boreholes 1003 54 24 979 75 27 
Liquefaction 
Cases 29 36 1 43 22 1 
Non-liquefaction 
Cases 974 18 23 936 53 26 
Average of PL 0.30 7.78 28.90 0.27 8.22 21.71 
Standard devia-
tion of PL 
0.95 2.21 8.93 0.91 2.27 4.02 
Minimum PL 0.00 5.06 17.10 0.00 5.03 16.54 
Maximum PL 4.99 12.82 48.42 4.91 13.82 31.80 
Table 5.  Comparison of the variation in PL computation for li-
quefaction and non-liquefaction cases by the modified procedure 
 
Liquefaction Cases Non-liquefaction Cases 
PL ≤ 5 
5 < PL 
≤ 15 15≤ PL PL ≤ 5 
5 < PL 
≤ 15 15≤ PL 
Minimum 
change rate 0.47 0.17 0.34 0.02 0.19 0.49 
Maximum 
change rate 1.83 1.28 0.34 8.37 1.87 2.07 
Average rates of 
















0 1 (3%) - 
6 
(1%) 0 - 
CONCLUSIONS AND SUGGESTIONS 
Iwasaki’s liquefaction potential index, PL, has been considered 
as a convenient and easy measure for liquefaction damage as-
sessment.  However, the illustrative example appeared to clarify 
the computed error that may be induced because of the disconti-
nuity and non-uniformity in the SPT logging. 
Possible miscomputed situation may occur due to segmental 
integration ranges that cannot properly reflect the FL distribution 
and lead to an overestimation or underestimation of the FL value. 
The proposed correction procedure in this paper could properly 
adjust the segmental ranges of integration and the results were 
reasonably close the original integration values. 
In practice, the calculation method by expanded integration is 
generally adopted.   However, the method may cause miscompu-
tation in the liquefaction potential index.  It is therefore sug-
gested that the results by the original and the expanded integra-
tion methods be compared with care. 
Verified results of potential flaws in computing liquefaction po-
tential index by 1999 Chi-chi Earthquake in Taiwan shows that a 
high percentage of cases would over-computing the value of PL.  
Through the correction procedure proposed in this study, the 
cases would reduce the computed PL range. That indicates for 
engineering applications, probably a wasted cost for ground im-
provement against liquefaction risk due to the over miscomput-
ing can be saved. 
Iwasaki indicated uncertainties remained in the proposed ranges 
of liquefaction risk.  It appears that more attentions are necessary 
for the computed liquefaction potential indices fall close to the 
threshold values, as the one shown in the illustrative example of 
this paper. 
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